Abstract: Occupational injuries are decreasing due to the improvement in occupational management in the workplace in recent years. However, pneumoconiosis and its complications remain important occupational diseases. Based on the report 'survey on classification for supervision of pneumoconiosis in Japan' performed in 1994, this study compared age, number of years at the job and pulmonary function tests among work types, and examined the characteristics of cases in which pulmonary function results were worse than expected from the chest X-ray findings. In the comparison among work types, mean age was higher and %VC was lower among workers exposed to silica or asbestos, and FEV1.0% appeared to be lower among silica-exposed workers. Multiple regression analysis showed that silica or asbestos-exposed work environments strongly affected %VC. Some cases showed dissociation between the X-ray findings and pulmonary function tests, which appeared to be caused by certain types of work environments. In this study, all the subjects had findings of pneumoconiosis in their chest X-ray. It is necessary to perform a longitudinal survey on pneumoconiosis-free subjects to clarify the precise association of lung function tests with chest X-ray.
Introduction
Occupational injuries are decreasing due to the improvement in occupational management in the workplace in recent years. However, pneumoconiosis and its complications remain important occupational diseases. Health examination for pneumoconiosis is performed for dust workers based on the Pneumoconiosis Law. Chest Xray images and certificates of pneumoconiosis health examination for workers with pneumoconiosis findings are sent to the Prefectural Office of Labor (previously, the Office of Labor Standards), which assigns each case to a classification for supervision of pneumoconiosis.
The number of pneumoconiosis cases is decreasing [1] [2] [3] , as a result of hygienic control in the workplace for pneumoconiosis. However, pneumoconiosis presents fibrosis of lung tissue, and is an irreversible disease in which the lung tissue, once fibrillated, never returns to normal. Pneumoconiosis is the second most frequent disease among occupational diseases. Therefore, prevention, early detection, and prevention of further injury in pneumoconiosis patients are important for health control in the workplace.
Statistical analysis of classification for supervision of pneumoconiosis is made public in the 'Pneumoconiosis health examination results' every year by the Ministry of Heath, Labor and Welfare, but the details in classification for supervision are not included. 'Survey on classification for supervision of pneumoconiosis' was performed in 1985 and 1994 , and the nationwide status of supervision was documented 4) . Since the classification for supervision of pneumoconiosis is made based on chest X-ray findings and on the presence/ absence of pulmonary dysfunction 5) , chest X-ray and pulmonary function tests are of great importance in health control in pneumoconiosis. It has been suggested that chest X-ray findings are important in predicting changes in pulmonary function 6) . Chest X-ray is performed on all dust workers, whereas pulmonary function tests are done only in cases with findings of pneumoconiosis on X-ray images. Generally, pulmonary function worsens and respiratory symptoms occur more frequently as pneumoconiosis advances 7, 8) . However, there are a small number of cases that are found to have significant pulmonary dysfunction even with mild abnormalities on chest X-ray images.
There are a large number of reports [9] [10] [11] [12] [13] [14] [15] [16] on pulmonary function in patients with pneumoconiosis, suggesting differences in the progression of pneumoconiosis in different types of work and different work conditions [17] [18] [19] [20] . There is a report from China that comparatively examined pulmonary function in silica, asbestos and coal workers, suggesting the importance of pulmonary function tests, since pulmonary dysfunction preceded chest X-ray abnormalities.
Since X-ray findings and pulmonary function tests are not necessarily consistent in some cases, this study analyzed, separately for different types of work, factors influencing the results of pulmonary function tests (%VC and FEV1.0%). In order to analyze pulmonary function tests, the cases were divided into two groups for each profusion rate (PR): one group in which pulmonary function tests (%VC and FEV1.0%) decreased and another group in which they did not decrease. In addition, we analyzed the characteristics in the cases in which pulmonary function was impaired more than expected from the chest X-ray findings.
Subjects and Methods

Subjects
This study included individuals who submitted an application for classification for supervision of pneumoconiosis to one of the 47 Prefectural Offices for Labor Standards nationwide between April 1, 1994 and March 31, 1995. This survey was conducted as a cross-sectional study. The survey data were obtained from the certificates of pneumoconiosis health examination results, of which 24,548 copies were received. The survey items were taken out from these and entered into a computer. Out of those, 20,809 certificates were analyzed, excluding 3,739 for the reasons of 683 being female, 1,560 PR 0 (cases diagnosed with pneumoconiosis at pneumoconiosis health examination by a physician, but no pneumoconiosis at the Office of Labor), 702 complications, and 794 clearly mistaken or unreasonable records. Complications included five diseases specified in the Pneumoconiosis Law, including pulmonary tuberculosis, tuberculous pleurisy, secondary bronchitis, secondary bronchiectasis, and pneumothorax.
Dust exposure
Age, history of dust work, pulmonary function tests (%VC and FEV1.0%) and chest X-ray findings were surveyed from the certificates for pneumoconiosis health examination. In cases where the subject had worked with more than one type of dust related work, the one with the longest period of work was taken. The types of dust work listed in the attached table related to Article 2 of Supplementary Provisions in Enforced Ordinance of Pneumoconiosis Law were classified into three groups; (1) those that handle silica-containing materials, (2) those that do not handle silica or asbestos, and (3) those that handle asbestos. The types of dust work are listed in Table 1 . The types of work were grouped by the presence or absence of silica or asbestos, since silica causes silicosis, a representative pneumoconiosis, and asbestos induces pathology and clinical symptoms that are different from those of silicosis.
The dust works that do not handle silica or asbestos were carbon, aluminum, refining and welding. The chest X-ray findings in aluminum exposed workers and refining workers were reported similar to asbestosis. Pulmonary dysfunction and fibrosis caused by welding is generally mild. The chest X-ray findings due to carbon exposure could be nodular or irregular. So that, the types of dust work not handling silica or asbestos were classified into three groups in this study; aluminum/refining, welding and carbon groups.
Statistical analysis SAS (Statistical Analysis System) software was used for all statistical analyses. The difference between two mean values was evaluated by t-test, and the difference among three mean values was tested by analysis of variance, and then, the significance between each mean value was examined by multiple comparison (Tukey). Frequency analysis was performed by chi-squared test. Mean values after adjusting for age and the number of years at the job were obtained using analysis of covariance. Single regression analysis and multiple regression analysis were performed using GLM (Generalized Linear Model).
Results
Mean values for each category of pneumoconiosis and work
Age
For PR 1 and PR 2 category pneumoconiosis, the mean age was higher among silica workers, compared to workers not exposed to silica or asbestos, as shown in Table 2 (p<0.01). The mean age was higher for asbestos workers than workers not exposed to silica or asbestos for PR 1 type (p<0.01).
Number of years at the job For PR 1 category, the mean number of years at the job was longer in silica workers than in workers not exposed to silica or asbestos (p<0.05), as shown in Table 2 . The mean number of years at the job was shorter in asbestos workers than in workers not exposed to silica or asbestos with PR 3 type (p<0.01).
%VC
For PR 1 category, mean %VC was lower, after adjusting for the number of years at the job, in silica workers than in workers not exposed to silica or asbestos (p < 0.01) as shown in Fig. 1 -A. Mean %VC was lower in asbestos workers than in workers not exposed to silica or asbestos for PR 1 , PR 2 or PR 3 type (p<0.01).
For PR 1 category, mean %VC was higher, after adjusting for the number of years at the job, in aluminum/refining workers than in workers exposed asbestos (p<0.01), as shown in Fig. 1 -B. For PR 1 category, mean %VC was higher in carbon workers than in asbestos workers (p<0.01). For PR 2 and PR 3 category, mean %VC in carbon workers was higher than in asbestos workers (p<0.01).
The statistical significance between each mean value was tested by GLM using analysis of variance with multiple comparison.
FEV1.0%
The mean values were compared after adjusting for age and the number of years at the job. As shown in Fig. 2 -A, mean FEV1.0% was lower among silica workers compared to workers not exposed to silica or asbestos (p<0.01) for the PR 1 . Similarly, mean FEV1.0% was higher among asbestos workers compared to workers not exposed to silica or asbestos for the PR 2 and PR 3 types (p<0.05). Among asbestos workers with the PR1 type, mean FEV1.0% was low (p<0.01).
As shown in Fig. 2 -B, the mean FEV1.0% was higher among welding workers than asbestos workers (p<0.01) for the PR 1 . For PR 1 category, mean FEV1.0% was higher among carbon workers compared to asbestos workers (p<0.05), and was lower than asbestos workers for the PR3 (p<0.05).
Pulmonary function in corresponding group and reduced group in each type of pneumoconiosis
Mean values and values below the mean value minus 1 standard deviation were calculated for %VC and FEV1.0%, as shown in Figs. 3 and 4 . The subjects were divided into two groups: corresponding group higher than the mean value -1SD and reduced group lower than the mean value -1SD.
Comparison between corresponding and reduced groups for %VC (1) Number of years at the job There was no difference in the corresponding and reduced groups for PR 1 and PR 2 categories, but the number of years at the job was shorter in the reduced groups compared to the corresponding groups for PR3 and PR4 types (p<0.05), as shown in Table 3 .
(2) Frequency of work types Among the three work types with PR 1 , PR 2 and PR 3 , the proportion of subjects in the reduced group for %VC was highest (p<0.01) in asbestos workers, as shown in Fig. 5 . Fig. 1-B . Mean value of %VC for each PR type (in carbon, aluminum / refining and welding workers). For PR1 category, mean %VC was higher, after adjusting for the number of years at the job, in aluminum/ refining workers than in workers exposed asbestos (p<0.01). For PR1 category, mean %VC was higher in carbon workers than in asbestos workers (p<0.01). For PR2 and PR3 category, mean %VC in carbon workers was higher than in asbestos workers (p<0.01). a, b, c, d, e, f, g, h and i: p<0.01. Mean value of %VC values is shown for each PR type in each work type. For PR1 category, mean value of %VC in silica-workers was lower, after adjusting the number of years at the job, than in workers not exposed to silica or asbestos (p<0.01). Mean value of %VC in asbestos workers with PR1, PR2 and PR3 types was lower than in workers not exposed to silica or asbestos (p<0.01). a,, b, c, d, The mean FEV1.0% was higher among welding workers than asbestos workers (p<0.01) for the PR1. For PR1 category, mean FEV1.0% was higher among carbon workers compared to asbestos workers (p<0.05), and was lower than asbestos workers for the PR3 (p<0.05). a, c and d: p<0.05. b: p <0.01. The mean values were compared after adjusting for age and the number of years at the job. Mean FEV1.0% was lower among silica workers compared to workers not exposed to silica or asbestos (p<0.01) for the PR1. Similarly, mean FEV1.0% was higher among asbestos workers compared to workers not exposed to silica or asbestos for the PR2 and PR3 types (p<0.05). Among asbestos workers with the PR1 type, mean FEV1.0% was low (p<0.01). a,, b ,c and Proportion of subjects in the reduced group was highest for asbestos workers among the three work types with PR1, PR2, and PR3 types (p<0.01). **p<0.01 determined by chi-squared test among three work types. Comparison between corresponding and reduced groups for FEV1.0% (1) Age/Number of years at the job Mean age was higher in the reduced groups than in the corresponding groups for all PR types, as shown in Table 4 (p<0.01). In the reduced groups, the number of years at the job was longer for PR1 (p<0.01) and shorter for PR3 (p<0.05).
(2) Frequency of job types The proportion of subjects in the reduced groups was lower in workers not exposed to silica or asbestos for PR 1 , as shown in Fig. 6 (p<0.01) .
Single regression analysis
The correlation of %VC and the number of years at the job is shown for each type of dust work in Table 5 . The correlation coefficient was low, and the highest value was 0.106 for PR 3 in workers exposed to silica.
Analyzed for each type of dust work, the correlation between FEV1.0% and the age was moderate (r=0.501) for asbestos workers with PR 3 and low at 0.1 to 0.3 for others.
Multiple regression analysis 4.1. %VC With number of years at the job and work type as subject variables, regression coefficients were obtained to examine how much each variable influenced %VC (Table 6 ). For the number of years at the job, the regression coefficients were low, in the range of -0.070 to +0.179, for each PR. For the work types, a dummy variable was used with silica/ asbestos (-) as the basis. The regression coefficients for silica (+) were all negative values (-0.621 to -2.534), slightly larger than those above for the number of years. The regression coefficients for asbestos were negative values in the range of -7.9 to -24.5. The regression coefficient became larger as PR progressed, suggesting a reduction of %VC in asbestos workers. When the regression coefficients between subject variables were compared by standard partial regression coefficients, the negative values decreased in the order of asbestos (+), silica (+), and number of years at the job.
FEV1.0% Table 7 shows the regression coefficients for age, number of years at the job and work types against FEV1.0% for each PR. The regression coefficients for age were all negative in each PR, suggesting a reduction of FEV1.0% with age. The regression coefficients for the number of years at the job were small, in the range of 0.015 to 0.062 in each PR. For work type, the regression coefficients of silica (+) workers were -0.81 to -3.3, showing a reduction of FEV1.0% in each PR, compared to silica/asbestos (-) workers. On the other hand, the regression coefficients for asbestos workers were -1.087, 3.112, and 8.753 for PR 1 , PR 2 , and PR 3 , respectively. In addition, the standard partial regression coefficient for the regression coefficients in subject variables decreased in the order of age, silica (+), and asbestos (+).
Discussion
There are a large number of reports [9] [10] [11] [12] [13] [14] [15] [16] describing pulmonary function in patients diagnosed with pneumoconiosis, some of which suggest that the progression of pneumoconiosis differs depending on the work type and work conditions [17] [18] [19] [20] . There are not many reports that have comparatively examined pulmonary function in each type of work, except, among recent reports, those on pulmonary function in each type of dust work in China 21, 22) . In the present study, pulmonary function of dust workers in Japan was analyzed with respect to both work type and pulmonary function tests (%VC and FEV1.0%).
Comparing the mean values for each work type in each PR, the mean age was higher in silica workers with PR 1 and PR 2 compared to workers not exposed to silica or asbestos. The mean age was higher in asbestos workers with PR 1 than in workers not exposed to silica or asbestos. The mean number of years at the job was longer for silica workers than for workers not exposed to silica or asbestos with PR 1 and PR 3 (p<0.05, p<0.01). The mean number of years at the job was relatively shorter in asbestos workers with PR 1 , suggesting that asbestos workers may change jobs, be transferred to another type of job, or undergo therapy.
For pulmonary function tests, the mean value of %VC was lower in silica workers with PR 1 than in workers not exposed to silica or asbestos (p<0.01). The mean values of %VC among asbestos workers were lower than in workers not exposed to silica or asbestos for PR 1 , PR 2 , and PR 3 (p<0.01). For PR 1 , the mean value of FEV1.0% was lower in silica workers than in workers not exposed to silica or asbestos (p<0.01). The mean values of FEV1.0% were relatively high in asbestos workers with PR 2 and PR 3 (p<0.01) and low in asbestos workers with PR 1 (p<0.01).
The results of the present study suggest that silica work is a causative factor in the reduction of %VC and FEV1.0%. It has been reported that obstructive and restrictive dysfunction is observed in silica workers 18, [22] [23] [24] [25] , and the present results support these findings.
Mean %VC was significantly lower in asbestos workers, suggesting that asbestos work contributes to a reduction in %VC. Restrictive ventilatory dysfunction in asbestos workers was seen in the present study, as reported previously 26, 27) . In addition, it has been reported that a reduction of FEV1.0 and FEV1.0% accompanies restrictive ventilatory dysfunction 28) . There are some reports of reductions in FEV1.0% after years of exposure among asbestos workers in whom FEV1.0% is within normal range 29) and, in addition, even more significant reductions in FEV1.0% when analyzed by FEV1.0/height 18) . These results suggest that pulmonary dysfunction due to asbestos is mainly of the restrictive ventilatory dysfunction type, but also includes airway obstruction after a long period of exposure. It has been reported that pulmonary function is poorer and subjective symptoms occur more frequently in silica workers than in the other two types of workers, when pulmonary function and subjective symptoms are compared in silica, asbestos and coal work 22) . The mean %VC among dust workers not handling silica or asbestos (carbon, aluminum/refining, welding) suggested that the pattern of the pulmonary disorder in aluminum/ refining workers is different from asbestos workers. The pulmonary disorder in welding workers is mild.
The mean age of the workers in each pulmonary function group was significantly higher in the reduced group than in the corresponding group for all PRs. The effect of older age on respiratory function in dust workers was reported in comparison to that in healthy individuals 18) . In the previous report 18) , age and respiratory dysfunction showed a negative correlation in dust workers of all types, in which the slope of the effect of age was greater in dust workers than in healthy individuals. Thus, age appears to be a significant factor affecting pulmonary function in pneumoconiosis.
For both %VC and FEV1.0%, there was no significant difference in the number of years at the job between the reduced and corresponding groups, except for a slightly smaller mean number of years at the job in the reduced group in almost PR groups. Generally, one would expect pulmonary function to decrease as the number of years at the job increases. Thus, dysfunction would increase with the period of exposure. However, the present results are contradictory to this prediction. One of the reasons could be the effect of work types. Another could be that workers left jobs after a short period of time for various reasons. Another factor could be age, since an individual with the same 10 yr at a job could be 30 or 60 yr of age at the time of analysis. More accurate results may be obtained when analyses are performed in age-matched groups for each work type. Concerning the level of silica exposure and the number of years at the job, it has been reported that the number of years at the job was longer in high exposure groups, such as miners, than in low exposure groups 30) . Therefore, the types of both work and dust exposure must be considered as contributing factors.
For %VC and FEV1.0%, the proportion of silica and asbestos workers was higher in the reduced groups than in the corresponding groups for all PRs. Therefore, it can be concluded that silica and asbestos exposure reduces pulmonary function.
Simple regression analyses showed a slight correlation between FEV1.0% and the age of the workers, but not between FEV1.0% and the number of years at the job. Since a worker's age appears to contribute to the number of years at the job, as described above, it appears that a comparison of the same age groups or analysis by longitudinal surveys over the years is needed.
Comparing the corresponding and reduced groups for pulmonary function in each PR, the proportion of silica and asbestos workers was higher in the reduced groups compared to the corresponding groups, showing that silica and asbestos work contributed to a reduction of pulmonary function. Therefore, multiple regression analysis was performed to examine how much subject variables, such as age, number of years at the job and the type of work, influenced the target variables of %VC and FEV1.0%. The worker's age was a factor in the reduction of pulmonary function, but the number of years at the job did not seem to influence pulmonary function. Concerning the type of work, asbestos work reduced %VC more compared to silica/asbestos (-) work, suggesting a significant contribution to pulmonary dysfunction. This is consistent with the observation of restrictive dysfunction in silica and asbestos workers 18, [22] [23] [24] [25] . Though the multiple correlation coefficients were low, there appeared to be no contribution of other subject variables, besides those examined, go even after the residuals were examined.
Silica (+) work reduced FEV1.0% more than silica/asbestos (-) work. This is consistent with previous reports showing obstructive dysfunction in silica (+) workers 18, [22] [23] [24] [25] . On the other hand, asbestos exposure did not reduce FEV1.0% in this study. When the regression coefficients of each subject variable were compared with the standard partial regression coefficients, age, followed by silica (+) work, reduced FEV1.0% most significantly. Although the multiple correlation coefficients were low, there appeared to be no significant contribution from other subject variables, except those variables tested, after the residuals were analyzed.
This study included persons diagnosed with pneumoconiosis by X-ray. In addition, there could be cases of pulmonary dysfunction in silica and asbestos workers even in the absence of a diagnosis of pneumoconiosis by chest X-ray. It has been reported that pulmonary dysfunction precedes chest X-ray findings of pneumoconiosis, suggesting the importance of pulmonary function tests 21) . Pulmonary function tests are not performed in the current health examination, unless there is a suggestion of pneumoconiosis on chest X-ray. It is necessary to clarify whether pulmonary function tests are necessary, even in subjects with negative findings on chest X-ray.
In this study, we analyzed pulmonary function tests in each PR category. But it is necessary to pay attention that roentgenological findings of silicosis are different from those of asbestosis in the same PR category. This difference may affect the pulmonary function tests in the same PR category.
The importance of anti-smoking education has been stressed in workers' health education. There are a large number of reports on the effect of smoking in reducing pulmonary function in pneumoconiosis 22, 25, 29, [31] [32] [33] [34] [35] [36] [37] . In this study, smoking habit was not analyzed, since a survey on smoking was not included in the pneumoconiosis health examination. We recommend that it should be included as an item in pneumoconiosis health examination. Furthermore, it will be possible to accurately understand the progression of pulmonary dysfunction and chest X-ray images by longitudinal analyses through follow-up studies.
